Concentrations of fecal bacteria, somatic and F-specific coliphages, and phages infecting Bacteroidesfragilis in naturally occurring black mussels (Mytilus edulis) were determined. Mussels were collected over a 7-month period at four sampling sites with different levels of fecal pollution. Concentrations of both fecal bacteria and bacteriophages in mussel meat paralleled the concentration of fecal bacteria in the overlying waters. Mussels bioaccumulated efficiently, although with different efficiencies, all of the microorganisms studied. Ratios comparing the levels of microorganisms in mussels were determined. These ratios changed in mussels collected at the different sites. They suggest that bacteriophages infecting B. fragilis and somatic coliphages have the lowest decay rates among the microorganisms studied, with the exception of Clostridium perfringens. On the contrary, concentrations of F-specific coliphages showed a greater rate of decay than the other bacteriophages at sites more distant from the focus of contamination. Additionally, levels of enteroviruses were studied in a number of samples, and in these samples, the B. fragilis bacteriophages clearly outnumbered the enteroviruses. The results of this study indicate that, under the environmental conditions studied, the fate of phages infecting B. Jragilis released into the marine environment resembles that of human viruses more than any other microorganism examined.
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There is growing concern about the discharge of human enteric viruses into estuarine and marine environments, where they could present hazards in areas from which shellfish (such as oysters, mussels, and clams) are collected for human consumption. Moreover, because these species are often eaten raw or lightly cooked, the risk of infection is high. Although the epidemiological tools for the tracking of viral transmission through shellfish consumption are still in their infancy, viral outbreaks attributed to the consumption of contaminated shellfish have been clearly demonstrated for hepatitis A and viral gastroenteritis caused by small round structured viruses (Norwalk and Snow Mountain agents) in the last 15 years (9, 32, 38) .
Commonly used bacterial indicators of fecal contamination (e.g., coliforms) for shellfish-growing waters and shellfish are believed to have limited predictive value for pathogens, especially for human enteric viruses (10, 13, 36) . Epidemiological data obtained in the United States show that although the application of regulations for bacterial quality of shelltishgrowing waters has been successful in the pievention of bacterial gastrointestinal infections, it has failed to prevent viral infections (14, 26) . The failure of the regulations may result from the different behavior of viruses and bacteria in several aspects related to their occurrenice in shellfish (21) .
Since the determination of the presence of human viruses in shellfish or in overlying waters is difficult, expensive, and time consuming, there is a critical need for better indicators of human-specific fecal pollution (24) . Potential new indicators include F-specific coliphages (18, 20) and bacteriophages infecting Bacteroides fragilis (20, 22, 30) .
To evaluate the usefulness of bacteriophages as surrogate indicators of human viruses in shellfish, we performed a field study analyzing the concentrations of fecal bacteria, somatic and F-specific coliphages, and phages infecting B. fragilis in black mussels collected over a 7-month period in four sampling sites with different levels of fecal pollution.
MATERUILS AND METHODS
Description of the area. Naturally occurring mussels were collected at four sampling sites along a coastline which receives the outflow of a small river that is heavily sewage polluted as the single major source of fecal pollution for this coastal area. The average microbial load of water samples taken near the mouth of the river just before discharge is indicated in Fig. 1 . During the summer months, the flow of the river and its microbial load decrease, and consequently, the microbial pollution of the sea is also reduced. Reasons for the decrease in the microbial load are diverse and include effects of temperature and solar radiation on self-purification and treatment of part of the river water prior to discharge into the sea. The profile of the shoreline at the study area is straight and faces southeast. Sampling site 1 is located 350 m south of the polluting focus. The other three sites are located 1,000 m (site 2), 3,500 m (site 3), and 5,000 m (site 4) north of the river mouth. An aerial picture of the area is presented in Fig. 2 . No tides occur in the area, as is the case in all of the Mediterranean Sea. Water movement in the area has two components, namely, weak currents which flow mostly north to south and swells which flow most frequently from south to north. The salinity of the water ranged from an average of 33%o at sampling site 1 to an average of 34.5%o at sampling site 4 fragilis.
water temperature during the study period ranged from 15 to 230C.
Mussels. Naturally occurring mussels (Mytilus edulis) were harvested approximately monthly over a 7-month period from the beginning of June to the beginning of December, at a constant depth of between 2 and 4 m. In sampling sites 1, 2, and 3, mussels were collected from piers of docks and, in sampling site 3, from rocks on the sea bed. In all cases, samples were taken from 10 to 50 m offshore. Samples were refrigerated at 4°C until they were processed, which was within 24 h of collection. The mussels were washed and scrubbed thoroughly in running tap water, surface disinfected by rinsing the outside of the mussels with 70% alcohol, and opened aseptically before the shellfish contents were processed for the different microbial analyses.
Processing methods. First, mussel meat from a minimum of 30 mussels per sample was homogenized in a blender for 5 min. Phages were eluted by the method described by Lemaitre (23) , with a slight modification consisting of the omission of ultrasonication of the homogenate. Briefly Bacteriological analysis. Total and fecal coliform numbers in mussels were determined by the method proposed by the World Health Organization for the Mediterranean area (39) . Briefly, most-probable numbers of total coliforms were determined with lactose broth (39) , and positive tubes of lactose broth were used to inoculate brilliant green-2% bile salts that were then incubated at 44.5°C (39) . Tubes showing bacterial growth after 24 h were recorded as confirmed for the presence of fecal coliforms. Fecal streptococci concentrations were determined with enterococcus agar (Difco) as recommended by Yoshpe-Purer for marine environments (40) . Clostridium perfringens bacteria in the mussels were determined by the method of Handford (17) . The limit of detection for all of the bacteria studied was two bacteria per g of mussel meat. Total coliforms, fecal coliforms, and fecal streptococci in water were determined by standard methods (1). In seawater samples, fecal streptococci were determined by the method of YoshpePurer (40) . C. perfringens bacteria in water were determined by the method of Handford (17) .
Bacteriophage analysis. B. fragilis HSP40, grown on Bacteroides phage recovery medium (BPRM) (29) 24 h, decontaminated aliquots of each enrichment were tested for the presence of phages by placing a small drop on a monolayer of the host bacterium. To measure phages in water, a minimum volume of 10 ml was titrated. To measure phages in mussel homogenates, 10 1-ml (equivalent to 2.5 g) replicates were made for each homogenate for F-specific coliphages and phages of B. fragilis, and 5 1-ml plus 5 0.1-ml replicates were made for somatic coliphages (equivalent to 1.375 g of mussel flesh). Presence-absence tests were performed with the equivalent of 10 g of mussel meat. Viral analysis. Enteroviruses were quantified by plaque formation by inoculating confluent BGM cell monolayers as described elsewhere (4 tions of bacterial levels noted in seawater samples during some periods of the year.
Bacterial levels of the mussels. The levels, calculated as geometric means, of fecal bacterial indicators in the mussels decreased from the most contaminated to the least contaminated site (Fig. 5) for all of the parameters determined. In mussels from all sampling sites, C. perfiingens was more abundant than fecal coliforms and fecal streptococci. In addition, fecal streptococci were more abundant than fecal coliforms in mussels from all sampling sites, with the exception of sampling site 4. However, the geometric mean of fecal streptococci in sampling site 4 is, as indicated in Fig. 5 , an underestimation of the actual value since in most of the samples the values were below the limit of detection of the method used and, to determine the average values, they were considered as 0. Therefore, we may also suppose that fecal streptococci are more abundant than fecal coliforms.
Bacterial concentrations per 100 g of mussels were far greater than bacterial levels in 100 ml of water of the area in which they were collected, indicating the occurrence of bioaccumulation. At the four sites, total and fecal coliform and fecal streptococci levels in mussels paralleled their levels in water. The concentration factor, defined as the ratio of the number of RESULTS Bacterial water quality of the area. Mean values, calculated as geometric means, of fecal bacterial indicator densities in waters overlying the sampling sites were clearly different at each site, decreasing from the most to the least polluted sampling area depending on the proximity of the site to the mouth of the river (Fig. 3) .
At the most contaminated site, levels of fecal coliforms exceeded those of fecal streptococci. However, at all other points, fecal streptococci outnumbered fecal coliforms.
The seasonal distribution of bacterial densities in the studied waters also varied. The seasonal variation in sampling site 1 is shown in Fig. 4 . Distribution in sampling sites 2, 3, and 4 paralleled that of sampling site 1. Thus, bacterial loads were higher during the end of spring and during autumn than during summer. Heavy rain storms were frequent in June, early July, and September during the period studied. The effects of these heavy rain storms can be observed in the short-term fluctua- each microorganism in 100 g of mussel meat to its number in 100 ml of water, for the different bacteria in the four sites, seems to become greater in the least contaminated sites. The concentration factor for fecal coliforms ranged from about I log at the two most contaminated sites to about 1.8 logs at the two least contaminated sites, whereas concentration factors for total coliforms and fecal streptococci were higher, ranging from approximately 1.7 logs in the most polluted sampling sites to more than 2 logs in the least contaminated sites.
The seasonal distribution of bacteria in mussels also shows a clear variation that parallels the distribution of bacteria in waters (Fig. 6 ). Since divers were used, mussel collection was carried out only during good weather. Probably because of this, short-term variations in bacterial levels in the mussels during late spring and early fall were not as evident as the variations in the bacterial levels in water.
The concentration factor for the different bacteria did not change significantly during the period studied.
Levels of bacteriophages in mussels. The levels, calculated as geometric means, of bacteriophages in mussels showed an obvious decrease from the most contaminated to the least contaminated sampling site (Fig. 7) . In a few samples from sites 3 and 4, phages infecting B. fragilis and F-specific coli- SITE phages were measured at 0 PFU/2.5 g of mussel meat and were present by the presence-absence test (i.e., 10 g). In such cases, for the treatment of data, we considered such samples to contain 10 phages per 100 g. It should be stated that this treatment may slightly decrease the values of F-specific coliphages and phages of B. fragilis. However, in no case will it influence the conclusions, since any other interpretation will reinforce them. A comparison of geometric means indicates that somatic coliphages and phages infecting B. fragilis decreased approximately in the same proportions from site 1 to site 4. However, the magnitude of the decrease of F-specific coliphages was significantly greater. The calculation of the ratios between the different pairs of phages applicd sample to sample clearly demonstrates that relative concentrations of F-specific coliphages decrease with the distance from the main polluting focus (Fig. 8) .
Temporary variations were also observed in the levels of bacteriophages in mussels. Variations in the four sampling sites were comparable. Figure 9 shows such variations in mussels collected at sampling site 1. These variations paralleled those observed in bacterial levels in water and mussels.
Relationship between phage and enterovirus concentra- Variability of data. The variability of data presented in Fig.  3 , 5, 7, and 8 is quite high as a consequence of the seasonal variation of the fecal pollution in the study area. Therefore, placing error bars in the figures may introduce confusion. In fact, the actual variation of the values is clearly shown in Fig.  4 , 6, and 9 for sampling site 1 (11, 19, 33, 34) .
Bacterial concentrations in mussel meat show a distribution in space over the four sampling sites and time that parallels the distribution in water. Mussels collected in sampling sites 1, 2, and 3 are nonsuitable for direct consumption, whereas 80% of mussel samples harvested at sampling site 4 fulfill regulations based on bacterial criteria (19, 34) . The ratio of fecal coliforms to fecal streptococci in mussels favors fecal streptococci, and C. perfringens concentrations exceeded values recorded for both fecal streptococci and fecal coliforms in all sampling sites.
As could be expected, bioaccumulation of bacteria was observed. Bioaccumulation in field studies is a complex factor that summarizes the actual bioaccumulation, inactivation once inside the shellfish, and self-cleansing. The ratios of the levels of fecal coliforms in overlying waters to those of shellfish are in the range of values found by other authors in field studies (16, 37) . To date, little is known about the uptake of fecal streptococci by shellfish. Our data suggest that they are accumulated slightly more efficiently than fecal coliforms.
In addition, data presented here confirm that the accumulation factor increases when waters are less polluted, a fact that can be deduced from published data (5, 16) .
Concentrations of the three groups of phages studied show a distribution that parallels the distribution of bacteria in overlying waters and mussels. A clear diminution was observed in areas and periods in which the levels of fecal pollution in water are lower.
At the most polluted site, the relative concentrations of the three phages are similar to the relative concentrations in the polluting fresh water. Assuming that phages have not yet suffered inactivation, these data show that there are not significant differences in the bioaccumulation rates of the three groups of bacteriophages. However, as one moves further from this site, although the relative proportions among somatic coliphages and phages infecting B. fragilis do not change significantly, the ratios of F-specific coliphages to somatic coliphages and F-specific coliphages to phages infecting B. fragilis clearly decrease.
The decrease in the relative concentration of F-specific coliphages in the least polluted sampling sites most likely reveals differences in the survival rates of the three groups of phages, in the sense that somatic coliphages and phages infecting B. fragilis survive longer than F-specific coliphages do. Similar differences in decay rates had been described previously in some laboratory and in situ studies (3, 7, 15, 22, 25) .
We can conclude that, in marine environments such as the one studied here, with salinities higher than 30%o and relatively high water temperatures, F-specific coliphages are less useful than the other phages studied to index lasting fecal pollution (i.e., human enteric viruses). Since the usefulness of somatic coliphages for this purpose has been ruled out (27, 35) and F-specific coliphages inactivate faster than the others, it is our contention that phages infecting B. fragilis have some advantages over other phages.
Although there is a requirement for further studies, the data presented here indicate that, by using the available techniques, phages infecting B. fragilis are more abundant, by more than 20 times, than human enteroviruses. A similar difference in concentrations was found previously in sewage (31) .
The findings discussed here support further investigation into phages infecting B. fragilis as candidates for surrogate indicators for human enteric viruses in shellfish.
